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FURTHER STUDIES ON THE NITRIC NITROGEN 
CONTENT OF THE COUNTRY ROCK. * 
BY R,OBERT STEWART and WILLIAM PETERSON. 
The progress of the work upon the general problem of the 
origin of the nitre spots in certain western soils has presented 
several different points of view. The fact that certain spots in 
western cultivated soils were rich in nitrates was first observed by 
Hilgard1 who attributed their accumulation to the more rapid 
nitrificaiion of the organic matter of the soil in the warm arid 
climate \if the west when the moisture limit was removed by 
irrigation. 
A number of years later an entirely different explanation 
was offered for a similar condition which was observed by Dr. 
Headden2 in certain Colorado soils. Spots were observed on 
which nothing would grow and examination showed the soil to be 
rich in nitrates and also alkali consisting of the chlorides and 
sulphates of calcium, magnesium, sodium, and potassium in vary-
ing amounts. Land, which had been formerly productive and 
high in value, became non-productive and almost valueless. In 
many cases, valuable orchards were partially or entirely ruined 
due to these accumulations which Headden attributed to the 
fixation of atmospheric nitrogen by the non-symbiotic bacteria. 
This conception has been further exemplified by Headden3 and 
also by Sackett.4 
Our investigations5 at the Utah Experiment Station, extend-
ing over a period of ten years, regarding the influence of irri-
gation water upon the production and movement of nitrates in 
irrigated soils, led us to an entirely different conception regarding 
the origin of these nitre spots. . We had found that nitrification 
was not appreciably more rapid in arid soil than in the humid soil 
when measured by the nitrates present in the soil at various depths 
and in definite seasons throughout the year and from year to 
year. For example, Warrington6 found at Rothamsted that 
*The first report of this work is published as Bulletin No. 134 of 
the Utah Experiment Station. 
1. Hilgard, Soil, p. 68. 
2. Headen, Colorado Experiment Station Bulletin 155. 
3. Headden, Colorado Experiment Station Bulletins 178, 186. 
4. Sackett, Colorado Experiment Station Bulletin 179. 
5. Stewart and Greaves, Utah Experiment Station Bul. 106; 
Central f. 
6. Bact. Abt. II Bd. 34 (19!!) p. 128. 
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after lucern there were 3.3 parts per million of nitric nitrogen; 
in Utah, Stewart and Greaves, found 0.8 parts per million in 
irrigated land and 1.8 part'S per million in dry-farmed land. 
After wheat, Warrington found at Rothamsted 4.3 parts per 
million; while in Utah, Stewart and Greaves found 0.8 parts in 
dry-farm land. After fallow Warrington found 1.3 parts of nitric 
nitrogen per million; while Stewart and Greaves in Utah found 5.4 
parts per million. These facts, together with the additional 
fact that wherever Dr. Hilgard or Dr. Headden had reporteJ 
the data from the nitre spots they also always reported the 
presence of additional amounts of other alkali salts, led us to 
suspect that the nitre spots were the direct results of the leach-
ing and concentration of the nitrates by ground water move-
ment. This conclusion received considerable support when a 
close examination7 of Dr. Headden's results showed clearly that 
the nitric nitrogen and chlorine in any given nitre spot varied 
in the same ratio from year to year or period to period within 
a year. 
A preliminary investigationS showed that the country rock 
adjacent to the affected areas was impregnated with alkali salts 
including the nitrates. These results were so significant 
and important as to warrant continued additional work along 
the same lines. It seemed imperative that we should learn more 
of the geology of the affected areas. This study led to exten-
sive investigations regarding the nitrate content of the country 
rock, the results of which have been partially published.9 
The investigations herein recorded are a continuation of 
those previously reported. The former work reported the re-
sults of investigations of the nitrate content of the country rock 
of eastern Utah, western Colorado and southwestern Wyoming, 
and consisted of a study of the jurassic, cretaceous and tertiary 
deposits. It was found that the shales and sandstones of the 
cretaceous and tertiary were impregnated with nitrate accumu-
lations. All cretaceous material was found to contain nitrate. 
Cretaceous sandstone contained a maximum amount of 0.293 
per cent sodium nitrate, the shale contained 1.026 per cent; the 
7. Stewart and Greaves, Utah Experiment Station Bul. 114, 1911. 
8. Stewart, Central. f. Bact. Abt. II Bd. 36 1912 S. 47. 
9. Stewart and Peterson, Utah Exp. Sta. Bul 134 1914; Jr. Am. 
Soc. of Agr. Vol. 6, p. 241, 1915. 
] O. Stewart and Peterson, Bul. No. 134, Utah Exp. Sta.; Jr. Am. 
Soc. of Agr. Vol. 6, p. 
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clay 0.115 per cent-the ashll 3.270, while the alkali contained 
3.35 per cent. The tertiary sandstone contained a maximum 
amount of 0.284 per cent, the shale 0.750 per cent, the clay 0.940 
per cent, the ash 3.280 per cent, while the alkali contained 0.232 
per cent. Although the tertiary material contained a slightly 
lower amount, the greater extent of exposed areas belongs to 
this series. This renders a great area subject to nitrate accumu-
lation. The maximum minimum, and average amounts of 
sodium nitrate in the three classes of material are reported in 
tabular form below: 
PER CENT SODIUM NITRATE' IN CRETACEOUS MATERIAL. 
:Maximrum Minimum Average 
Sandstone ... ............................. ..................................... 0.293 0.005 0.055 
,Shale ...... ...... ............ ......................................................... 1.026 0.003 0.104 
Clay ........................................................... ......................... 0 .115 0.002 0.039 
Ash ........... ...... .................................................................. 3.270 0.005' 0.870 
Alkali ........... .... ............ .................... ....................... ...... 3.350 0.003 0.074 
Tertiary. 
:Maximum Minimum Average 
Sandstone ...... .... ......................................................... 0.284 None 0.074 
S,hale ............ ....................... ................... ...... .......... ......... ..... 0.750 None 0.147 
Clay ................ ..................................................... ............... 0.940 None 0.053 
Ash ............................................. .......................................... 3.2 0 0.0002 0.236 
Alkali ........ .... ......... ...... ................................................... 0.232 None 0.021 
Jurassic. 
1aximum l\Iinimum Average 
Sandston e ................................................. .. .................. 0.039 None 0.008 
Shale .................................................................. ............... 0.019 None 0.005 
Ash ................. .. .... .............. ................................ ............. 0.202 0.149 0.175 
Alkali ............... .......................................... ..... _ .... .......... 0.017 0.017 0.017 
~rhe jurassic deposits are not so heavily charged with alkali 
and nitrate accumulation as are those of the cretaceous or ter-
tiary. 
The data presented in thi paper are the results of a continlla-
11. Ash is a term used throughout this paper to indicate the mix-
ture of dry fine clay and dry white crystals of alkali salts. This mix-
ture is found over the clay hills just under a hard day crust on the 
surface 
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tion of the investigations upon the nitrate content of the country 
rock of other portions of the state of Utah, the deposits of which 
belong largely to other geological series than the cretaceous, ter-
tiary, or jurassic. The rock investigated belongs in part to the 
triassic, permian and. pennsylvanian. But for convenience of 
discussion all material is grouped together from some central 
agricultural point. 
The samples were all collected from the southwestern part 
of Utah or the northwestern part of Arizona in the manner 
already described. The collections were made in the summer of 
1914. The nitric nitrogen and other alkali salts were determined 
in all the samples collected. The discussion of the significance of 
the alkali accumulations in the country rock is reserved for a fu-
ture publication but for convenience the total soluble salts is here 
reported, together with the ratio of nitric nitrogen to the total 
salts present. 
One hundred grams of the finely-ground rock were placed 
in a large bottle with 1000 cc. of distilled water and placed in a 
shaking machine for sixteen hours. The solution was separated 
by filtration through a 'chamberlain-Pasteur filter. The nitric 
nitrogen was determined in the soil extract by the aluminum re-
duction method. 
The results of the analysis of the rock north of St. George, 
Utah, are reported in Table I which, for convenience of study, is 
subdivided into four divisions. It may be seen from a study of 
the results presented, that there are many times as much nitric 
nitrogen in the original rock near Santa Clara, " ashington Coun-
ty, as we found in the irrigated soils. Sample No. 323 contains 
over forty times as much as the maximum amount found in our 
ordinary well cultivated soils. 
Even the average amounts in eight samples of r ock are ixteen 
times the maximum in productive soils of Utah. 
The nitrates, as in many of the nitre spots constitute only a 
small part of the soluble salts present in th country ro k. As 
an average only 0.7% of the soluble materjal is nitric nitrogen. 
The average amount of nitric n :trogen pre ent is 81.4 parts per 
m::li:-;ll wli~Je th er e are on an average of 29989 parts per million of 
total alkali sal t~. 
Ifhe gypsum deposits a£ represented by Nos. 319, 318 and 317 
c u fii i:tll ' large quantities of material soluble in 'vater, an appreri-
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TABLE I. Nitric Nitrogen Content of Country Rock North of 
SIt. George, Utah. 
Total Nitric Nitrogen. 
Field Soluble Parts per % of 
No. Description and Location of Samples. Salts. Million. Tot. Salts. 
a. Gypsum. 
319 Gypsum a few feet from No. 318 ________________ 34,270 
318 Gypsum and saponite west of No. 317 ___ _ 54,520 
317 Gypsum 114 miles east of Santa Clara, 
Utah __ ___ ___ __ _ .______________ ____ ____ __ __ ____ _____________________ ·.47,360 
b. Shale from Typical Clay Hill. 
323 Disintegrated 'shale and dust near top 
of the hill ______ __________ _____ __ ____________ ___ ______ ___ __ _____ 20,000 
321 The dark undecomposed shale __________________ 7,120 
322 Dark shale higher up than No. 321.. ____________ 8,000 
c. Volcanic Ash. 
313 Volcanic ash, Diamond Valley __________________ 6,520 
d. Bauxite Clays. 
320 Bauxite neaT Santa Clara __ __________ __ ________ ________ 3,440 
76.1 
40.9 
35.16 
210.6 
198.9 
40 .9 
31.2 
17.6 
0.220 
0.071 
0.074 
1.05 
2.79 
0.512 
0.47 
0.51 
General Average ____________________________ ___ _______ 29,989 81.4 0.71 
able quantity of which is nitrate. The quantity is not large when 
considered from a commercial point of view, but when the immense 
quantity of the gypsum deposits is considered and their bearing 
on the material contributed to the soil formation , the amount of 
nitrate present in these deposits is of considerable significance. 
·The samples of shale, Nos. 323, 321, and 322, were collected 
from a typical clay hill on which no vegetation was growing. 
These clay hills, "on which nothing will grow," are characteristic 
of many areas of southern Utah and western Colorado. And it 
is important to consider them very carefully in seeking a solution 
of the general problem of the origin of the nitre spots. 
This particular clay hill is fully as characteristic as those 
occurring in eastern Utah which have already been described. The 
characteristi c ash-like condition was observ'J~ on the sides a.nd 
top of the hill. Both the shale and ash material are rich in nitrate 
and water soluble salts, although not so rich as some of tho e ob-
served in eastern Utah. A photograph was taken of thi . hill 
and is shown in the cover cut. 
No. 313, a good representative of the extensive volcanic ash 
deposits of southern Utah, contains an appreciable amount of 
soluble salts which contains some nitrate. This deposit contains 
large quantides of potash in the silicate form. 
Eight samples of shale, alkali , and clay were collected from 
the deposits west of St. George, Utah, down the valley of the Rio 
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Virgin. These deposits probably belong to the lower triassic or 
upper permian series. 'I"he results are reported in Table II. All 
of the material is rich in nitrates and other water soluble salts. 
Samples N1o. 331, un decomposed shale, contains over 80 times as 
TABLE II. Nitric Nitrogen Content of the Country Rock West of 
St. George, Utah. 
Total Nitric Nitrogen. 
Field 
No. 
Soluble Parts per % of 
331 
330 
329 
326 
332 
327 
334 
333 
Description and Location of Samples. Salts. 
WhIte s,hale ~ miles above No. ~~Ou . ___ . ___ 41,040 
Shale 30 feet below No. 329 ........................ 1,480 
Shale 8 miles below St. George .... .. .......... 5,480 
Red and grey shale on banks of Rio Virgin 3,880 
Shale and sandstone .......................... .. ........ 3,920 
Alkali salts near No. 326 .. .......................... 138,600 
Ash-like soil underneath the clay .. ........ .. 115,000 
Sample of clay ........................... ................... 82,300 
Average ........ .................................. ... ....... 48,962 
Million. 
450.0 
356.0 
216.0 
134.0 
35.0 
23 .0 
23,0 
12.0 
156.0 
Tot. Salts. 
1.10 
24.11 
3.99 
3.46 
0.89 
0.16 
0.02 
0.014 
4 . 2~ 
much nitric nitrogen as reported in our best agricultural oils 
either in Utah or at Rothamsted. The average amount present 
in all the material is over 30 times this amount. These facts em-
phasize the significance of the nitrates pre ent in the unde om-
po ed rock of large areas of the arid West. 
Ten samples of material were colle ted east of t. George 
up the valley of the Rio Virgin. 'Ihe amples were taken a we 
ascended in the triassic series of deposits. The e r esults are r e-
corded in Table III. 
TABLE III. Nitric Nitrogen Content of Country Rock East of 
St. George, Utah. 
Total Nitric Nitrogen. 
Field Soluble Parts per o/! of 
No. Description and Location of Samples. Salts. Million. Tot. Salts. 
336 Dark shale on OPPOSIte SIde of hill from 
No. 335 ............................. .......... ................... 6,560 468 ,00 7,13 
341 Clay from same locality as No. 340 ........ 70,080 64.40 0.090 
338 Anhydrate gypsum jmt below No. 337 .. .. 44,600 46 .80 0.105 
343 Shale north of bridge over Virgin river .... 37,600 35.10 0.09~ 
344 Crust over shale near No. 343 .................. 109,320 35.10 0.03~ 
337 Gypsum in valley on road to Hurricane .. 44,800 30.40 0.068 
339 Shale interstratified with gypsum .. ...... 46.800 22.40 0.047 
335 Shale east of Washington .u.. ............... .. .. 5,560 17.55 0.316 
340 Cherty limestone east of Washington ... ... 46,440 11.70 0025 
34~ Alkali just under stands tone ................ u •• 130,800 11.70 0.009 
A verage .... u ••• • •••• ••••••••••••••• • •• u ••• •••• • u ••••• • u 54.256 74.31 0.79 
FURTHER STUDIES OF NITRIC NITROGEN CONTENT OF ROCK 9 
Ag~in there is a large quantity of soluble salts, part of which 
is nitrate; the nitrate seems to de,crease in amount as samples are 
obtained higher in the series. Still there are appreciable quan-
tities present. If this material were spread out and weathered 
into soil without any loss or gain in soluble material, the soil 
w.ould be extremely rich in salts soluble in water. Considering 
~he average amount present, each acre would contain 108,502 
pounds or over 54 tons of material soluble in water per two mil-
lion pounds of soil, which is roughly the weight of the plowed 
surface of soil to a , depth of 6% inches. There also would be 
892 pounds of sodium nitrate in this layer of soil. It should be 
remembered that the usual application of sodium nitrate as a 
fertilizer is about 200 pounds per acre. Is it any wonder that 
the application of irrigation water to such soil gives rise to the 
concentration of nitrates in spots which are rich in nitrates? To 
further emphasize the significance of the data, apply the same 
method of reasoning to sample No. 336. The plowed surface of 
such a soil would contain 5816 pounds or nearly three tons of 
sodium nitrate per acre. With the proper control of the irrigation 
water this material is of great economic inportance in the produc-
tion' of crops. 
Nine samples of shale, clay, gypsum, and alkali were col-
lected in northwestern Arizona. 'rhe results of analysis are re-
corded in Table No. IV. 'rhe largest amount of water soluble salts 
and nitrate are found in sample No. 350 which represents the clay 
crust at the base of the shale cliffs. 
TABLE IV. Nitric Nitrogen Content of Country Rock in North-
ern Arizona. 
Total Nitric Nitrogen. 
Soluble % of 
Field Salts. Parts per Total 
No. Description and Location o'f Samples. P. P. M. Million. Solids. 
350 Clay crust at base of shale cliffs west 
of Fredonia, Ariz. . ................................... 141,240 70.2 0.050 
345 White gypsum east of Workman's Spring 47,400 40.9 0.086 
346 Red shale and gypsum near No. 375 .... .... 46,240 40.9 0.089 
352 Red shale ........................................................ 44,640 23.4 0.052 
353 Red sandstone ................................................ 1,520 23.4 1.540 
347 Hard white material near Pipe Springs .... 44,920 11.7 0,026 
348 Ash near Fredonia ..................................... . 48,600 11.7 0.024 
349 Brownish red shale 3 miles west of 
Fredonia ........................................ ................ 45,920 11.7 0.026 
351 Shale overlying the red shale .................. .. 46,240 11.7 0.025 
Average .................................................... 51,858 27.3 0.212 
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These samples are not so rich in nitrates as those in southern 
Utah, although again much more nitrate is present than is found in 
our best cultivated soils. 
In rrable No. V are recorded the results of analysis of ma-
terial collected near Mt. Carmel, Utah, which is located about 
100 miles from St. George up the valley of the Rio Virgin. In 
fact the river here has not cut through to the triassic deposits, 
but is now making a valley through the cretaceous material similar 
to those near Grand Junction, Colorado. 
TABLE V. Nitric Nitrogen Content of Country Rock Near Mt. 
Carmel, Utah. 
Total Nitric Nitrogen. 
S oluble 
Field Salts. Parts per 
No. Des,cription and Location of Samples. P. P. M. Million. 
364 Sandy shale .................................................... 118,120 15~.0 
366 Wet 'sticky clay ............................................ 35,800 146.0 
360 Red shale at base of hill .............................. 3,720 123.0 
361 Red clay from base of hill .. .. ...................... 4,920 87.8 
359 Near Mt. Carmel ...................... ............... ....... 2,720 76.0 
357 Impure gypsum near Mt. Carmel .............. 40,520 76.0 
365 Brown shale .................................................... 69,360 64.3 
367 Disintegrated shale .. .. ................ .. ................ 38,320 58.5 
362 Black coal share .......... ..... ...... ....................... 16,160 46.8 
363 Argillaceous shale ...................... .. .. ................ 9,720 ~9.3 
358 Red shale at Mt. Carmel .... ............... .. .. ... .... 3,560 23.4 
355 Red sandstone higher up than No. 354 .... 1,840 23.4 
354 Red sandstone in Kanab Canyon .............. 1,920 23.4 
356 Red grit at Three Lakes, Kanab Canyon 1,600 17.7 
Average ............... ... ........ .......................... 17,734 67.7 
0/0 of 
Total 
Solids. 
0.128 
0.408 
3.310 
1.7.80 
2.790 
0.188 
0.093 
0.153 
2.290 
0.301 
0.065 
1.220 
1.220 
1.100 
1.070 
An examination of the data presented shows that the original 
rock is rich in salts including the nitrate, although not so rich as 
some of the other deposits previously studied belonging to this 
same series. 
The rock material collected near Cedar City, Utah, probably 
belongs to the tertiary deposits. The results obtained from the 
analysis of these amples are recorded in Table VI. 
The ro ck here is not quite so ri h in nitrate as the cretaceous 
or triassic collect d in the more southern part of the state, but 
still there is an appreciable quantity of nitrate. The alkali is 
more unjformly high in all the ample collected in this tertiary 
material. An entirely similar condition was noted in eastern 
Utah. The tertiary depo it were richer in alkali and poorer in 
nitrate than the corresponding cretaceous deposits. There is a 
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TABLE VI. Nitric Nitrogen Content of Country Rock Near 
Cedar City, Utah. 
Field 
No. 
T otal Nitnc Nitrogen. 
Soluble Parts per % of 
Description and Location of Samples. Salts. Million. Tot. Salts. 
376 
368 
369 
377 
378 
370 
371 
372 
373 
374 
Gypsum trom old tunnel near No. 375 .... 47,640 93.5 0.196 
Drab shale on "State" road to Mt . Carmel 9,920 58.0 0.590 
Gypsiferous shale northeast of Cedar .... 48,160 41.0 0.085 
Fine red ashy dirt near No. 376 .................. 50,440 29.3 0.058 
Red clay from salt mines east of Cedar .. 21,640 23.4 0.108 
Gypsiferous shale east of No. 369 .............. 46,200 11.7 0.025 
Yellow ledge, disintegrated shale ............ 41,600 11.7 0.028 
Crust from top of shale ................................ 42,080 11.7 0.028 
Shale in the ledge ........................................ 42,960 11.7 0.027 
Shale near intake to power system for 
Cedar .................................................... .......... 2,160 11.7 0.540 
375 Red shale with gypsum underneath No. 
37 4 .................................................................. 43,800 11.7 0.027 
Average ... .................. ............................... 36,055 28.7 0.160 
far greater extent of tertiary material exposed, however, and a 
greater area of soil derived from this kind of r ock. Both the 
alkali and nitrate are more uniform in these deposits. 
The average data for these various districts are brought to-
gether in rrable VII. With two exceptions, less than one per cent 
of the total soluble material is nitrate. These exceptions are in 
the upper part of upper cretaceous at Mt. Carmel, and the triassic, 
low in the series, west of St. George. ' 
TABLE VII. Summary. 
Total Nitric Nitrogen. 
Field Soluble Parts per % of 
District. Salts. Million. Tot. Salts. 
North of St. George, Utah ............................... ..... ~9,989 81.4 0.71 
West of St. George, Utah ........... ................ ......... .... 48,962 156.0 4.22 
. Ea'st of St. George, Utah .. ......... ........................... 54,256 74.31 0.79 
Northern Arizona ................... ..... ..... ....................... 51,858 27.3 0.212 
Vicinity of Mt. Ca'rmel, Utah .. ............. ................. 17,734 67.7 1.07 
Vicinity of Cedar City, Utah ................. _. _ ......... _ 36,055 28.7 0.16 
In the cretaceous our sample seem to indicate a decrease in 
nitrate with a decr ease in the other water soluble salts, while in 
the triassi exactly the opposite condition is found, i. e., an in-
crease in the nitrate content. All sections investigated are char-
acterized by a high total water soluble salt and nitrate content. 
It should be r emembered that it is. only when the nitrates are 
concentrated by the underground movement of the water over 
large areas that accumulations or spots occur in the cultivated 
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soils. The non-symbiotic bacteria have no important connection 
with these accumulations. 'Ihe abundance of nitrate occurring in 
the undecomposed shale adjacent to and underneath the cultivated 
. soil is enough to fully supply all the nitrate and other alkali salts 
present in these nitre spots. Furthermore the fixation of nitro-
gen by the non-symbiotic bacteria in the ordinary dry-land soil 
in Utah, which is free from alkali and nitrate accumulations, is 
far greater than in the nitre areas, and yet we find no nitrate 
accumulations in such soils. Thus Sackett12 reports a maximum 
fixation of 15.8 milligrams of nitrogen, 7.4 milligrams for 32 de-
terminations per 100 gra~ of soil from the nitre areas, while 
Greaves13 reports a maximum of 51.8 milligrallhS of nitrogen 
fixed in the dry farm soils of Utah which are free from the ni-
trate accumulations. The average amount fixed in the 32 sam-
ples collected by Sackett in Colorado from th~ nitre areas was 7.4 
milligrams, while Greaves found an average amount of 12.2 in the 
31 samples of dry-farm, alkali-free soil in Utah. 
These same dry-farm soils, which show a far greater fixation 
of nitrogen than the nitre soil, have been shown by Stewart to 
contain only normal amounts of nitrates. The amount in no case 
exceeds 6 parts per million, yet these soils have been cultivated 
for a period of over fifty years and the non-symbiotic bacteria, 
which are active and more abundant in the adjacent virgin soil 
than in nitre soils, have had unlimited time during the past ages 
to produce the nitrate, yet the nitrate content does not exceed14 
1.04 parts per million as an average of 22 separate determinations 
covering soil from a wide area in the Cache Valley. '.l"'hese dry-
farm soils are also alkali-free. 
The data presented here and in the several previous publica-
tions are conclusive regarding the source of the nitrate accumu-
lations in certain western soils. It is clearly demonstrated that 
the country rock adjacent to and out of which the agricultural 
lands have been formed is abundantly impregnated with alkali 
salts and unu ually large amounts of nitrates. Wherever and 
whenever the proper moisture conditions are present there is an 
accumulation of the alkali and nitrate in such large quantities as 
to render crop growth impossible. This condition occurs both in 
uncultivated and cultivated areas. 
12 Sackett" Colorado, Exp. Sta. Bul. 179, p. 28, 1911. 
13 Greaves, Central f. Bakt. Abt.: II Bd. 35, 1913, p. 648. 
14 Stewart, Utah Exp. Sta. Bul. 109, 1910. 
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This condition has been observed by us in many cultivated 
and virgin areas of Colorado, Utah, and Wyoming and also in 
Alberta, Canada. In Colorado and Utah, the accumulations of 
alkali salts and nitrates have become so marked as to cause the 
death of many orchard trees. The source of the nitrate is directly 
traceable to shale or sandstone, contributing to the soil or sub-
Fig. l.-Shale formation in which alkali occurs. 
soil formation. The character of the exposed material may be 
noted from the accompanying photograph, Figure 1, taken of the 
shale hills northeast of Grand Junction, Colorado. T'he nature 
of the weathering and character of native vegetation may also be 
noted. The top of the outlying clay hills are barren and close 
examination shows that under the clay crust there i an ash-like 
condition, previously noted, which is rich in nitrate. 
This plate represents the upper part of the valley of the 
Grand River near foothills . The agricultural land li es near the 
river. In these lands the river wash has filled in the depressions 
between the hills. The irrigating canals are higher up and· in 
many places cut these clay hills near the upper part. The shale 
strata being nearly horizontal, the irrigating water penetrate the 
shale and follows the layers of shale downward to a lower point 
where they outcrop in the form of a bog, sprin g, or nitre sp ots, or 
the characteristic" soap hole" of Alberta, Canada. In many of 
the cultivated lands in .colorado and Utah the lower point js cov-
ered with river wash two or three feet deep, but the water, under 
more or less pressure carrying in solution the nitra-te and alkali, 
comes to the surface giving rise to the phenomenon noted. The 
greater the amount of water used, of course, the greater the de-
position of salts. Consequently, jt was observed in some sec-
tions that during the extremely dry. years of 1910 and 1911 the 
14 BULLETIN NO. 150 
trouble was more pronounced than usual. During a normal or 
wet season there is not so much water maintained in the irrigating 
canals and consequently not so much passes through the clay 
strata and the trouble is not so pronounced. .since these depres-
sions are covered with river wash, one can very easily be led 
astray into assuming that the land is level and uniform. The 
surface may be level and uniform but the trouble arises from the 
shale strata underneath. 
The nitrates are not uniformly distributed through the af-
fected areas. Certain pots may be rich in nitrate, while others 
:- contain comparatively little nitrate. Exactly the same condition 
~ may be observed with the chlorides, or sulphates. Some spots 
m.ay be largely composed of chlorides, while others may consists -
almost entirely of sulphates. This condition was observed in 
the study of the salt content of the country rock. Certain rocks 
from certain area were rich in the nitrate, while others from dif-
ferent area were poor in nitrate. But in any given area or spot 
of cultivated soil the chlorine and nitric nitrogen increase or de-
crea e in the same proportion thus indicating a common origin. 
'rnere is no more reason to a sume a uniform distribution of the 
nitrate than of the chloride or sulphate. 
The nitrates are not independent of the other alkali salts. 
Cases may be ob erved where the alkali is largely the sulphate or 
chloride, and if so, the surface indications are white in nature. 
No ca e ha been observed or reported where the nitrates occur 
independent of either the chlorides or sulphates. Consider for 
example, a typical case cited by Dr. Headden to which attention 
has already been called by US. 15 In 1907, a typical nitre spot 
( a e ) contained in the urface foot trace of nitric nitrogen, 
20.217 pounds of chlorine and 98,000 pounds of total salts. Four 
years later new determination were made at the same spot with 
the following re ult ; nitric nitrogen 621 pounds, chlorine 257,000 
pound , total alts 727,040 pound. This does not bear out the 
claim that the alkali i free from n itrate when four tons of nitro-
gen is acco~panied by 128 tons of chlorine and 363 tons of other 
salts. And the in rease of 1/z ton of nHric nitrogen has been ac-
companied by an in rease of 118 tons of chlorine and 313, tons of 
other salts. We can hardly conceive of the addition of 313 tons 
of the chloride and ulphate of sodium, potassium or magnesium 
15 Stewart and Greaves, Utah Exp. Sta. Bul. 114 p. 187. 
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to even our best agricultural soils and expect to obtain any 
growth of crops at all, and the nitre spots seemed not to be inde-
pendent of the other salts which are always present. 
Entirely similar conditions have been noticed by us in our 
examination of the country rock. Smail amounts of nitrate have 
been accompanied by large amounts of other salts in the rock itself 
with local concentrations of nitrate accompanied by the other 
salts in the ash and alkali crust at the surface wherever moisture 
conditions are such as to cause a large evaporation of the alkali 
and nitrate bearing water. 
And certainly there is no question that the alkali is due in a. 
large measure to the marine deposits in the shale and deposits 
in the old continental seas of upper cretaceous, tertiary and triassic 
times. The shales and sandstones are abundantly supplied with 
those salts. The triassic below St. George, Utah, contains over 
50 tons of salts per acre to a depth of 6% inches. The tertiary 
shale in the Uinta Basin is so rich in salts that costly attempts 
to build irrigating canals have sometimes been a failure, due to 
the canal banks dissolving and disappearing, being carried away 
in solution by the irrigating water. 
In many areas the shale and sandstone is not exposed, still 
the trouble from alkali and nitrate accumulations is manifest. 
Such a condition may be observed in the Great Plains area, and is 
well illustrated by conditions in 'central Alberta, Canada. In 
Alberta the surface soil is of a loose character. Recently a new 
irrigation system has been installed and in some instances· trouble 
has occurred from alkali accumulations arising apparently on the 
highest part of a given farm. The alkali incrustations have the 
chara teristic brownish color due to the presence of the nitrates. 
What is the origin of this trouble since the shale and sandstone is 
not exposed ~ Close observation by digging or examination ' of 
other natural excavations, such as river banks, will show that the 
cretaceous shale is present in this entire area and is merely covered 
over by deposits of glacial soil material to varying shallow depths. 
Where the alkali and nitre indications arise the undecomposed 
shales may be often found at from 3 to 6 feet. This shale is of the 
same nature as that in Utah and Colorado, and is rich in soluble 
salts. 
In Alberta, where the trouble is experienced, the irrigating 
canals, as in Utah and Colorado, have cut the alkali-bearing strata 
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higher up. The water follows, often for two or three miles, the 
almost horizontal strata until it outcrops at the surface on some 
gentle slope in the form of an alkali bog, or as it is locally called, 
"soap hole," which is at first very small in size, but gradually in-
creases until large areas ~f land. are ruined. Whenever the alkali 
and nitre spots are evident, rlose examination will reveal the 
presence of the alkali or nitrate- 'Jea.rin g shale. sandstone or other 
rock. 
An interesting case of a characteristic "nitre spot" occur-
ring in a humid climate is reported by Cameron16, although not 
recognized by him as such, possibly because this report was made 
prior to the discovery of the importance of the problem in the 
arid West. This particular spot occurred on the Maryland Ex-
periment Farm at .College Park and was first observed by Pro-
fessor Whitney. A sample of this material was secured and on 
analysis gave the following results: 
CaS04 
1.86 
CaCl2 
7.55 
,Ca (NOS) 2 Mg(NOs h 
51.20 20.68 
NaNOs 
12.47 
KNOs 
6.24 
That i over 50~ of thi material is calcium nitrate, while 
over 90% of th soluble part i in the form of nitrate . The total 
soluble material in the "cru t" was 1.83 ~ . 'rhi spot had the 
characteri tics of the nitrate spots oc urring in the arid v\ est 
including the hard crust on the surface and the "dark brown 
color." The characteristics are all pr ent: (1) a high nitrate 
conteIlt, (2) a hard crust, (3) pr sence of other soluble salt 
including chlorides and sulphates, (4) dark brown color or "pig-
ment." No mention is made of the mealy condition underneath 
the crust but since this i due to the pre ence of soluble salts, un-
doubtedly closer examination of thjs spot would have revealed 
its presence. An examination of the country rock underneath or 
adjacent to this soil would certainly be interesting. 
One of the very discouraO'ing features of this trouble js the 
fact that the ordinary type of drainage is inadequate to obvjate 
the condition. Often drains established in the usual manner will 
not be flowing, yet the condition complained of is very pro-
nounced on parts of the farm . This is due to the close, imperv;ous 
structure of the soil which does not r eadily permit the lateral 
movement of water. Special drainage adapted to thjs condjtion by 
16 Cameron, F . K. Bul. No. 17, Bureau of Soils, U. S. D. A. p. 36 1901. 
FURTHER STUDIES OF NITRIC NITROGEN CONTENT OF ROCK 17 
tapping the bog or "soap hole" with a drain, will become effec-
tive. 'rhe condition also will be much benefited by cementing the 
irrigating canals at the point of contact with the shale ridges, 
thus preventing the direct entrance of the irrigating water. 
Misleading information also may be obtained from a study of 
the wells used for domestic water supply. Our investigations 
have clearly demonstrated that some members of the geological 
series of shales and sandstones contain greater quantities of salts 
than others, and that some members are largely free from salts. 
,!""he farmer in digging a well seeks good drinking water and 
usually finds it by driving in the river wash or through the alkali 
bearing strata. This is well illustrated at Lyman, Wyoming. The 
shallow wells are all so charged with salts as to render them unfit 
for drinking purposes. Deeper wells which penerate through the 
alkali-bearing strata into gravel and sand underneath furnish 
good drinking water. 
Finally, it must be remembered that the ni~re spots are al-
ways characterized by a brown color. The nitrates themselves are 
colorless. The color is due to colored organic material. Bacteria 
are not necessary for the production of this color. 
These characteristic nitre spots have been produced by us at 
will in the laboratory in the following manner: Three hundred 
grams of a rich greenhouse soil were weighed out into an evap-
orating dish which was then filled with a 10 per cent solution of 
sodium nitrate and allowed to evaporate slowly by the run's rays 
without disturbing the dish or soil. When the soil became dry 
all of the characteristic indications of the nitre spots were pres-
ent. The surface soil was highly colored, brownish in appearance. 
A thin crust was present underneath which was the characteristic 
mealy condition noted in the field. The artificial nitre spots were 
typical and they could be produced in this soil by adding the same 
amount of nitrate in the solid form and irrigating the soil with a 
saturated solution of mercuric chloride or 5% solution of car-
bolic acid. On the crystals of mercuric chloride, which were 
finally deposited on the surface of the soil, were also deposited 
the rich brown color or pigment characteristic of the nitre spots. 
The soil, however , was harder than in the absence of t he antiseptic. 
In a check experiment evaporation of an equivalent amount of 
water from the same amount of soil failed to produce the color or 
other characteristic indications of the nitre spots. Surely this 
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definitely eliminates the" bacteria as the cause of the production 
of color as definitely as they have been eliminatd as the cause of 
the production of the nitrates. The non-symbiotic bacteria are 
not essential to the production of the color or the nitre spots. The 
nitrates themselves are only incidental. and of no economic signi-
cance whatever. The color is produced by the solvent and decom-
posing action of the nitrate, especially sodium and potassium ni-
trate upon the organic m'atter of the soil. 
In all soils or manure, there occur greater or lesser quantities 
of colored organic compounds, the solubility of which can be in-
creased by various kinds of treatment. Thus, in a soil rich in cal-
cium or magnesium carbonate it is necessary to treat the soil with 
an acid to decompose the calcium or magnesium salts of the or-
ganic acids present. After which, they " are readily soluble in 
ammonia solution as in the official humus determination. The 
calcium or magnesium salts are insoluble, while the ammonium 
salt is soluble and highly colored. Likewise, in the soil of the 
nitre spots the calcium or magnesium salts of the colored organic 
acids are insoluble but are converted into soluble compounds by 
double decomposition when sodium or potassium nitrate is pres-
ent as already described.17 
Anyone at all familiar with the highly colored solution run- " 
ning away from a barnyard manure pile which has been exposed 
to the rain needs no further explanation of the nature of the pig-
ment occurring in the nitre spots of the western irrigated soils. 
The source of the colored organic compound is likewise the sand-
stone and shale which are coal and oil bearing. 
Conclusions. 
1. Certain soils in western arid America contain spots which 
are rich in nitre nitrogen and contain in some cases several hun-
dred times as much nitric nitrogen as occurs in normal cultivated 
productive irrigated soil. 
2. These spots are locally known as "nitre spots." 
3. Three theories have been presented regarding the orlgln 
of these accumulations: (a) Hilgard's conception was that the 
accumulations were due to the more rapid nitrification of the or-
ganic matter of the soil in arid climates. (b) Headden main-
tains that they are due to the fixation of the atmospheric nitrogen 
by the non-symbiotic bacteria. ( c) Stewart and Peterson believe 
17 Stewart and Peterson Jr. Am. Soc. Agr. Vol. 6 P. 241, 1915. 
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that they are the direct result of the leaching of the nitrates out 
of the pre-existing deposits in the country rock and locally concen-
trated by seepage. 
4. The country rock adjacent to the affected areas and 
which has contributed to the soil formation i rich in nitrate 'and 
contains such an abundance of this material as to fully account for 
the accumulations noted. 
5. The nitrate is transported from the original rock by mean 
of seepage water, and more rapidly where the water escapes from 
leaky irrigating canals which cut the shale strata at some high 
point, thus allowing the seepage water to follow the shale strata: 
to the point of outcrop where a nitre spot is produced on the evap-
oration of the water. 
6. The nitrate deposits are not limited to the country rock 
of any definite geological series. They have been found in large 
quantities in the cretaceous, tertiary and triassic with smaller 
quantities in the jurassic. 
7. The nitrate accumulations occur in the uncultivated soH 
wherever the water conditions are such as to cause · the concen-
tration of the nitrates in any given area. 
8. The accumulations in the virgin soil possess all the char-
acteristics of the nitre spots in cultivated soil, i. e., (a ) a high 
nitrate content, (b) the presence of exce sive quantiti e of other 
soluble salts, (c) brownish color, (d) thin crust over surface, 
(e) mealy or ash-like condition under the hard crust, (f) beneath 
the ash material occurs the moist, stickly glistening soil, due un- ' 
doubtedly to the ever-present calcium chloride which, as is well 
known, is decidedly deliquescent. 
9. Characteristic nitre spots may be produced artificially in 
the laboratory with a rich greenhouse soil and an excess of sodium 
nitrate. They are produced equally as well in soil rendered 
sterile by treatment with a saturated solution of mercuric chloride 
01' a 5% solution of carbolic acid. 
10. The non-symbiotic bacteria are not essential to the pro-
duction of the nitrates or of the color found in the nitre spots. 
Their presence in these nitre soils is only incidental. 
11. The nitrates of the nitre spots of the cultivated soils 
are derived from the pre-existing accumulations occurring in the 
adjacent country rock and transported by the movement of un-
derground water brought to the surface by exposure of the rock 
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outcrop and there deposited by the evaporation of the water. 
12. 'l'he brown color -of the nitre spots is due to the sol vent 
and decomposing action of the nitrates on the colored organic 
compounds of the soil. 
13. The nitrate accumulations occurring in the country 
rock, hke those noted in the soil, are always accompanied by ex-
cessive accumulations of other water soluble salts. 
14. Much, if not all, of the alkali salts in the affected area 
are derived from the pre-existing salts occurring in the country 
rock. 
15. These nitre spots occur also in the Great Plains area 
and in certain ections in humid climates as in Maryland. 
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